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we reduced tlie continuous spectrum sufficiently to enable us to 
observe any fairly strong rays wMcli niight be peculiar to the flame. 
In tlie visible part of the spectrum tke tliree well-known rays of zinc 
in tlie blue \ 4812, 4721, and 4681 were easily seen. Pliotograplis of 
the more refrangible part of the spectrum showed no trace of the 
ultra-violet lines of zinc ; no m.ore, in fact, than the flames of hydro- 
carbons usually show. Kor did there appear to be any rays from the 
base of the flame other than those seen in hydrocarbon flames in 
general. In our observations on explosions (loc. cit.) we did not find 
that a zinc lining to »the tube in which the oxy-hydrogen gas was 
exploded brought out any zinc line, either in the visible or ultra- 
violet part of the spectrum. The flame of the compound containing 
zinc chemically combined may be supposed to give the rays of zinc 
more readily '^than the exploding gaseSj which merely take up the 
metal mechanically. But the flame does not, in either case, seem hot 
enough to develop the ultra-violet rays, though these are very strongly 
develoned in the arc. 



IX. "Preliminary Note on the Pressure developed by some 
New Explosives." By Captain Noble, C.B., F.R.S. Ke- 
ceived June 10, 1892. 

For a considerable time I have, with the assistance of Sir E. Abel 
and Professor Dewar, been engaged in researches upon the new ex- 
plosives which during the last few years have attracted so much 
attention, and which apparently are destined to do much in develop- 
ing the power of modern artillery. 

Prom the nature of these researches and the considerable scale 
upon which they have to be conducted, as well as from certain difB.- 
culties which have manifested themselves, I am not at present in a 
position to submit to the Royal Society the results of these experi- 
ments ; but, as one particular portion throws light upon a question of 
considerEible importance, I propose very shortly to give the results at 
which I have arrived, leaving fuller details for a subsequent communi- 
cation. 

Artillerists of all nations are pretty well agreed that, save under 
exceptional circumstances, the maximum working pressure in a gun 
should not exceed 17 tons per square inch or, say 2500 atmospheres. 
The reasons for this limitation are weighty, but I need not here dis- 
cuss them. Now, taking cordite and pebble powder as illustrations, 
since we can, even in guns not designed to fire the former explosive, 
obtain with the same maximum pressure, energies higher than those 
obtained with pebble powder by nearly 60 per cent., it is obvious that 
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tMs extra energy ranst be obtained from tbe development of higher 
pressures in the forward portions of the guns, and it naturally became 
a question of considerable importance to determine over what surface 
these higher pressures extended, and to ascertain if they in any 
serious degree affected the safety of the chase. 

At Woolwich, to settle this point, certain guns were prepared in 
which crusher gauges were placed at various points along the bore, 
and results were obtained to which I shall presently more particularly 
allude ; but, considerable doubt having been thrown on the reliability of 
these cruslier gauges, I considered it desirable in a matter of so great 
importance to ascertain the pressures by altogether independent means, 
and thus either confirm the crusher-gauge results, or, if the two sets 
of results should prove to be not altogether in accordance, to throw 
some light upon the causes of such discrepancies as might exist. 

The crusher gauge is, to those who interest themselves with such 
subjects, so well known, that I shall not attempt here to describe it, 
and I will only say that I have very great confidence in the accuracy 
of its results when properly used. Personally I have during the last 
twenty-five years made many thousand observations with these 
gauges, and when properly prepared and judiciously used, not only 
have I found their results accordant inter se, but I have by totally 
different determinations corroborated their accuracy. But I have always 
held that this gauge and all similar gauges will -cease to be either 
reliable or accurate if there be any probability of the products of ex- 
plosion being projected into the gauge at a high velocity, the energy 
stored up in such products being impressed on the gauge in the form 
of pressure, and this contingency might and does arise either when 
the gauge is placed in the forward part of a gun, where necessarily 
the products are in rapid motion, or in the case of the detonation of 
a high explosive ; but, as I have gone pretty fully into this question 
elsewhere, I need not here pursue the subject further. 

The crusher-gauge determinations for cordite, made at Woolwich 
for the Explosives Committee, under the presidency of Sir F. Abel, 
having been made in a 4' 7-inch quick-firing gun, I arranged a similar 
gun in such a manner that I was able to obtain a curve determined 
from the time at which the projectile passed sixteen points arranged 
along the bore. Erom this curve, by methods I have elsewhere 
described, the curve giving the velocity at all points of the bore can 
be deduced, and from the curve of velocity the pressures generating 
these velocities can also be deduced. 

For the particular purpose of this investigation it was desirable to 
compare the pressures of different explosives, and the present note 
gives the result of four explosives differing widely in nature and in 
composition. 

Tlie explosives used were as follows : — 
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a. Ordinary pebble powder of tlie Service. A charge of 12 lbs. 
was used ; this charge gave rise to a mean pressure of 15*9 tons per 
square inch (maximum, 16'8 ; minimum, 14*9), or a mean of 2424 
atmospheres (maximum, 2566 ; minimum, 2277) as determined bj 
the crusher gauge in the powder chamber. It gave to a 45-lb. pro- 
jectile a mean muzzle velocity of 1839 ft. -sees., thus developing a 
muzzle energy of 1055 ft. -tons. A gramme of pebble powder at a 
temperature of 0° 0. and a barometric pressure of 760 mm. generates 
280 c.c. of permanent gas, and develops 720 gramme units of heat. 

h. Amide powder, consisting of 40 per cent, of potassic nitrate, 
38 per cent, of ammonia nitrate, and 22 per cent, of charcoal. The 
charge in this case was 10 lbs. 8 ozs., and the mean crusher gauge 
pressure was 15*3 tons per square inch (maximum, 16*4 ; minimum, 
14*2), or a mean of 2382 atmospheres (maximum, 2500; minimum, 
2165) ; the muzzle velocity with the same projectile was 2036 
ft. -sees., and the muzzle energy 1293 ft. -tons. A gramme of amide 
powder generates 400 c.c. of permanent gases, and develops 821 units 
of heat. 

c. Ballistite. With this true smokeless powder the charge was re- 
duced to 5 lbs. 8 ozs., the sides of the cubes being 0*2 inch. The 
mean crusher-gauge pressure was 14*3 tons per square inch (maxi- 
mum, 14*5 ; minimum, 14*1), or a mean of 2180 atmospheres 
(maximum, 2210; minimum, 2142). The muzzle velocity was 
2140 ft.-secs., and the muzzle energy 1429 ft. -tons. A gramme of 
ballistite generates 615 c.c. of permanent gases, and gives rise to 
1365 gramme units of heat. 

d. With the fourth explosive. Cordite, a charge of 5 lbs. 10 ozs. of 
0*2 inch diameter was fired. The mean chamber crusher-gauge pres-^ 
sure was 13*3 tons per square inch (maximum, 13*6 ; minimum, 12'9), 
or a mean of 2027 atmospheres (maximum, 2070; minimum, 1970). 
The muzzle velocity was 2146 ft.-secs., and the muzzle energy 1437 
ft. -tons. A gramme of cordite generates 700 c.c. of permanent gases 
at 0° 0. and 760 mm. of barometric pressure. The quantity of heat 
developed is 1260 gramme units. In the case of this explosive, as well 
as in that of ballistite, a considerable quantity of aqueous vapour has 
to be added to the permanent gases. 

The results of these observations are graphically given in the 
figure. The ordinates show both the positions at which the pres- 
sares were determined, and the magnitudes of these pressures. On 
the axis of abscissae is shown the travel of the shot in feet. 

Each, curve is deduced from the mean of three* complete rounds, 

* Since these experiments were carried ont, a second set of induction coils lias 
bsen added, so that a single round giyes simultaneously the times both at the 
breech and muzzle plugs. 
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that is to say, tliree rounds with, the breecli and tliree with the muzzle 
plugs, or six in all. 

In the calculation of the pressures it is assumed that before and 
after the complete ignition of the explosive the pressures will uni- 
formly increase and then uniformly decrease, following the lavfs 
regulating the' relation between the pressure and volume when per- 
manent gases are permitted to expand with production of work. 

It is in the highest degree improbable that in any experiment 
is this assumption strictly trrLC. In the case of "brisante" powders, 
and of high explosives which can be detonated, we know that even in 
moderately-sized chambers there are wide variations in pressure ; and 
even when there is comparatively slow combustion, as with ballistite 
and cordite, it appears probable that the generation of a consider- 
able quantity of the gases may take place in different portions of the 
bore, giving rise to a corresponding difference in the pressure, and it 
may be that a portion of the discrepancies of the crusher gauge when 
placed in forward positions in the bore, to which I shall presently 
allude, are due to this cause. 

But such irregularities would not very seriously alter the curves 
shown in the figure. The areas included between the final ordinate, 
the curve, and the axis of abscissa, being the total energy impressed 
on the projectile, would of course remain unaltered ; but the curves, 
instead of the regular figure there shown, would have a wavy 
outline, and would show several maxima and minima. These irregu- 
larities of pressure are of no appreciable importance when the 
strength of the gun, in a radial direction, is considered. 

From the same plate can be at once obtained the pressures for the 
four explosives at any point of the bore ; but for the purpose of 
applying these results to other guns I give in the annexed table for 
difirerent densities of the products of explosion (1) the pressure which 
has been determined in a closed vessel, (2) the pressure at the same 
density, which has been found to exist in the bore of the 4' 7-inch 
gun where the gases have been expanded, doing work on the pro- 
jectile. 
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Comparison of Pressures in Closed Yessel witli tliose in 4'7-incli 

Q.F. Gun. 



Pebble powder. 




Amide powder 


• 


Density. 


Pressure, 


Density. 


Pressure. 












In closed 


T* 




In closed 


T" 




vessel.* 


In gun. 




yessel. 


in gun. 


0-65 


17-68 


15-82 








0-60 


15-55 


14 -55 








0-55 


13-62 


11 -84 


0-55 


25 -50 


15-50 


0-50 


11-85 


9-31 


0-50 


22-00 


13-75 


0-45 


10-23 


8-12 


0-45 


19-10 


12-10 


0-40 


8-73 


7-00 


0-40 


16-50 


10-00 


0*35 


7-35 


6-11 


0-35 


14 -00 


8-34 


0-30 


6-07 


5-21 


0-30 


11-90 


7-05 


0-25 


4-88 


4-20 


0-25 


9-80 


5-88 


0-20 


3-77 


2*95 


0-20 


7-75 


4*55 


0-15 


2-73 


1-82 


0-15 


5-00 


3-10 


0-10 


1-76 


0-70 


0-10 


3-55 


1-32 


B all is tit e. 


Cordite. 


0-26 


20-80 


13*45 


0-26 


21-75 


12-50 


0-24 


19-00 


12-70 


0-24 


19-80 


11-95 


0-22 


17-10 


11-83 


0-22 


17-90 


11*28 


0-20 


15-30 


10-77 


0-20 


16-00 


10-60 


0-18 


13-40 


9-75 


0-18 


14-20 


9-86 


0-16 


11-70 


8-70 


0-16 


12-30 


9-10 


0-14 


10 '00 


7-50 


0-14 


10-50 


8-16 


0-13 


8-40 


6-52 


0-12 


8-70 


7-08 


O'lO 


6-60 


5-29 


0-10 


7-10 


5-70 


0-08 


5-00 


4-08 


0-08 


5-40 


4*01 


0-06 


3-50 


2-54 


0-06 


8-80 


2-33 


0-05 


2-80 


1-64 


0-05 


3-00 


1-57 



It must be understood that the differences existing between tlie 
close-vessel pressures and tbe pressures observed in the bore at the 
higher gravimetric densities are, in great measure, due to the explo- 
sive at these densities not being fully consumed. An examination of 
the results obtained would lead to the conclusion that with the 
particular size of cordite employed tolerably complete combustion 
cannot be assumed to have taken place until the projectile has 
travelled some 6 or 7 feet through the bore. Indeed, if the size of 
cordite fired in this gun be even slightly increased, a portion of the 
cordite is blown from the muzzle unburned, and it is one of the most 

* ' Pliil. Trans.; Part I, 1875, p. 129. 



1892.] Pressure developed hy some Neio Explosives, 129 

striking proofs of tlie regular combustion of the explosive that in all 
STicli recovered cordite the diameter is so unifornilj decreased that it 
might readily be mistaken for newlj- manufactured cordite of smaller 
dimensions. 

I now make a comparison between the pressures given by cordite 
as shown on curve B (see ^g,) and those obtained from crusher 
gauges. To facilitate this comparison I have added to the pressure 
curves I have described a curve showing the pressures developed by 
cordite wlien fired in a close vessel, and I have further added the 
results of five rounds of cordite fired for the Explosives Committee 
in the crusher-gauge gun, the pressure of each individual round at 
each point of observation being indicated. 

The sample of cordite used in these experiments was not of the 
same make as that employed in my own. The pressures given on the 
axis of y denote those taken in the powder chamber, and are compar- 
able with the crusher-gauge pressures I have given as derived from 
my own experiments. It will be observed that the mean chamber 
pressure indicated is two- or three-tenths of a ton higher than that 
I obtained; but it will be further observed that if I attempt to draw 
a pressure curve through the mean of the crusher-gauge observation, 
such curve would indicate pressures far higher than are necessary 
and sufficient to develop the work impressed on the projectile. 

Again, the pressures indicated after the projectile has moved 
1 foot are about 2 tons per square inch higher than those observed in 
the powder chamber, and it will be further noticed that not only are 
these observations, at all events at certain points, considerably too 
high, but they exhibit in the forward part of the bore variations 
quite unknown when the pressures are taken in the powder chamber. 

Thus, in the particular experiments I am discussing, the mean 
pressure in the powder chamber being about 13*5 tons, the extreme 
variation in the five rounds amounts only to about 1|- tons per square 
inch, while the crusher gauge placed in the chase at a point about 
8|- feet from the seat of the shot, gave in the same number of rounds 
an extreme variation of 3 tons per square inch, the mean pressures 
being only about 4 tons, and it will further be noted that, while some of 
the rounds indicated pressures below those deduced by the method I 
have described, other rounds at the same point indicated pressures 
even exceeding those which would have existed under the same gravi- 
metric densities in a close vessel. It may also be noted that from the 
crusher- gauge experiments, round 5 should have given the lowest 
muzzle energy of the series ; as a matter of fact it gave the highest. 

My conclusion, therefore, is that, although crusher gauges placed 
in the chase may, and doubtless do, g'ive valuable comparative results, 
they cannot be relied on for absolute determinations, unless confirmed 
by observations altogether independent in their nature. 

VOL. LII. ic 










■■■I 



CQRPITE INJ; 



BAIL 




FEET TRAVEL IN BORE OF GUN 



